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MOS spin qubit !
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Spin to charge conversion
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The electron can jump out of the donor only if it is in the spin-up state
⇒ detecting a charge transfer is equivalent to reading out the spin⇒ detecting a charge transfer is equivalent to reading out the spin



Zeeman splitting
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Device for spin readout (no ESR)
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“Parallel double-dot” analogy
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dot 2

Hofmann et al., PRB 51, 13872(R) (1995)
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“Parallel double-dot” description
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“Parallel double-dot” description
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“Parallel double-dot” description
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“Parallel double-dot” description

Vtop

( )

neutral
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No current No current ⇒⇒ no backno back--action before projective measurementaction before projective measurement

∼∼ 100% on100% on--off contrast if coupling energy > 0.1 eoff contrast if coupling energy > 0.1 e



Charge transfer: modelling
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Charge transfer: experiment
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Charge transfer: experiment
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Spin readout protocol
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Spin readout protocol
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Spin readout protocol
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Compensated pulses
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On the red line, there is current through the SET while the electron 
is on the donor → test detector back-action!



Finding the correct read level

empty
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Averaged readout traces
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Read level too high
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Read level too high
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Ground state in resonance
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Correct read level
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Correct read level
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Correct read level
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Correct read level

0.35

0.4
Single Shot Trace 3 Read Level = 0.02

i
load read empty

0 2

0.25

0.3

pA
)

spin
up

0.1

0.15

0.2

C
ur

re
nt

 (1
00

 

0 05

0

0.05

C

0 0.5 1 1.5 2
x 10-3

-0.1

-0.05

Time (sec)



Correct read level
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Correct read level
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Correct read level
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Correct read level
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Correct read level
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Read level too low
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Read level too low
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Interesting details
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Pushing the bandwidth
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Zero field
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Scanning the load level
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Scanning the load level
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Scanning the load level
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Scanning the load level
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Zeeman splitting
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Lever arm calibration
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Lever arm calibration
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Spin lifetime measurement
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Single-shot vs. average
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Field dependence of spin lifetime
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Spin diffusion

∼18 donors in 90×90 nm2

⇒ 24.5 nm typical distance



Spin diffusion

load spin-upload spin up



Spin diffusion

energy-conserving electron spin flip-flops
( “B” term: Si

+Sj
- + Si

-Sj
+ in the dipole-dipole coupling)



Spin diffusion

energy-conserving electron spin flip-flops
( “B” term: Si
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Spin diffusion

read spin-downread spin down

The excitation is still present in the system (no energy relaxation) 
but has diffused away from the measured donor



Spin diffusion calculation
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Summary & Outlook

MOSFET MOSFET donordonor--based spin based spin qubitqubit architecturearchitecture

Large charge transfer signalsLarge charge transfer signals
Tunnel rates consistent with donor positionTunnel rates consistent with donor position

SingleSingle--shot spin readoutshot spin readout

Measured spin lifetime related to dipolar flipMeasured spin lifetime related to dipolar flip--flopsflops

Measure counted 1Measure counted 1--donor devices donor devices →→ TT11

ESR on ESR on qubitqubit –– Rabi oscillations Rabi oscillations –– singlesingle--spin coherencespin coherence



Participants

University of New South Wales
J. Pla, K.-W. Chan, C. Nugroho, , , g ,

F. Zwanenburg, H. Huebl, C. Escott
A. Morello, A.S. Dzurak, R.G. Clark

University of Melbourne
A. Alves, J. van Donkelaar, C. Yang

J Mc Callum L Hollenberg D JamiesonJ. Mc Callum, L. Hollenberg, D. Jamieson


